How gene networks controlling organ-specific properties are modulated by chromatin 37 remodeling complexes is not well understood. Baf60c (Smarcd3) encodes a cardiac-38 enriched subunit of the SWI/SNF-like BAF chromatin complex. Its role throughout heart 39 development is not fully understood. We show that constitutive loss of Baf60c leads to 40 embryonic cardiac hypoplasia and pronounced cardiac dysfunction. Conditional deletion 41 of Baf60c in cardiomyocytes results in postnatal dilated cardiomyopathy with impaired 42 contractile function. Baf60c regulates a gene expression program that includes genes 43 encoding contractile proteins, modulators of sarcomere function, and cardiac metabolic 44 genes. Many of the genes deregulated in Baf60c null embryos are targets of the 45 MEF2/SRF co-factor Myocardin (MYOCD). In a yeast two-hybrid screen we identify 46 MYOCD as a BAF60c interacting factor; we show that BAF60c and MYOCD directly and 47 functionally interact. We conclude that Baf60c is essential for coordinating a program of 48 gene expression that regulates the fundamental functional properties of cardiomyocytes. 49 50 Introduction 51
Baf60c Myh6KO mice (Fig 4C) .
166
The chamber dilation and fibrosis observed in the hearts of Baf60c Myh6KO mice raised the 167 question of whether cardiac function was also affected. We measured cardiac contractile 168 function of 8-week old mice that lacked outward signs of heart failure or growth delay, 169 using high frequency echocardiography (Table 2, n=6) . Confirming the histological 170 results, the left ventricles of Baf60c Myh6KO mice were prominently dilated, and the anterior 171 and posterior ventricle walls of Baf60c Myh6KO mice were thinner and the chamber sarcomere length in adult hearts and found the sarcomere length (the length between 193 two adjacent Z-disks) of Baf60c Myh6KO mice was significantly shorter than WT ( Fig 5B) .
194
We examined the distribution of several important structural proteins in cardiomyocytes 195 by immunofluorescence deconvolution microscopy, and found that the localization of 5C). In adult Baf60c Myh6KO hearts, localization of Desmin in intercalated discs was also 198 reduced ( Fig 5D) , and the pattern of Desmin localization was perturbed (poorly aligned). 
204
To identify genes regulated by Baf60c, we used RNAseq to analyze total RNA prepared 205 from Baf60c -/hearts and control hearts harvested at E10.5 and E12.5, and from P7 206 Baf60c Myh6KO and control hearts. We identified 788 genes that were differentially 207 expressed by at least 1.25 fold (p<0.05) in at least one stage versus wild type ( Fig 6A) .
208
Among all the genes and all the analyzed stages, there were 132 genes upregulated and 209 175 down-regulated at all time points. Misregulation of major cardiac transcription factors 210 or signaling molecules was not observed. Instead, consistent with the ultrastructural 211 findings, many genes related with cardiac metabolism and striated muscle contraction 212 such Acta1, Aldh1l2, Casq1, Casq2, Ckm, Ckmt2, Trim72, Kbtbd10 (Krp1) , Myh7b, Myl3, cytoskeleton organization ( Fig 6D) . An enrichment of cell cycle-related genes was also 226 apparent; it is not clear what this signifies, and may reflect a role for Baf60c in regulating 227 perinatal proliferation, which was not addressed in this study. These results collectively 228 suggest that Baf60c is required for proper expression of genes encoding components or 229 regulators of the contractile apparatus.
230
The analysis of gene expression in whole hearts has the disadvantage that a 231 heterogeneous mix of cells may prevent the clear identification of the full set of Baf60c-232 regulated genes, and also that some changes in gene expression may be secondary to 233 altered hemodynamics. We compared the set of genes altered in the Baf60c mutant 234 hearts with RNAseq analysis of cardiac precursors and cardiomyocytes differentiated in 235 vitro from WT and Baf60c -/embryonic stem (ES) cells (Hota et al., 2017) . Considerable 236 overlap was found for the E12.5 KO hearts and ES cell-derived cardiac precursors 237 differentially expressed genes, and more significant overlap was found for E12.5 KO and
Baf60c functionally interacts with Myocardin

242
We previously identified TBX5 and NKX2-5 as potential BAF60c-interacting proteins 243 (Lickert et al., 2004 ). Here we demonstrate by GST pulldown that these interactions can 244 be direct ( Fig 7A) . We mapped the BAF60c interaction domain to an N-terminal region 245 (aa residues xx-xx) that contains a nuclear localization signal sequence ( Fig 7B) . To 246 further elucidate the molecular mechanism of BAF60c function, we searched for 247 potential association partners of BAF60c. In a yeast 2 hybrid screen of a human heart 248 cDNA library, using BAF60c as the bait, we identified few potential interacting factors 249 (BAF155, FEZ1, MYOCD). BAF155 is a component of the BAF complex, which indicates 250 a direct interaction between these two BAF complex subunits. Of particular interest 251 amongst candidate interactors was Myocardin (MYOCD), a transcriptional co-factor of 252 SRF and MEF2c (Creemers et al., 2006; Wang et al., 2001) . GST pull-down assay 253 between GST-fused BAF60c and in-vitro synthesized MYOCD confirmed the direct 254 association, and mapped the association domain of MYOCD with BAF60c to amino activation assay, BAF60c could potently enhance the activation of the Myl1 promoter by Our data suggest that a BAF60c-containing cardiac-specific BAF complex has a more 289 specialized role, and may have evolved to provide fine-tuned and specific gene 290 regulation in the mammalian heart. Indeed, we have isolated BAF complexes during in 291 vitro cardiac differentiation and have identified that BAF60c-containing complexes in 292 cardiomyocytes have a composition that differs from many BRG1-containing complexes 293 (Hota et al., 2017) . In skeletal muscle differentiation, BAF60c interacts with MYOD to 294 activate muscle-specific genes (Forcales et al., 2012) , and is essential for HDAC- fast-twitching muscle has also been described (Meng et al., 2013) ; whether Baf60c has 301 a specific function regulating metabolic switching during cardiomyocyte maturation will 302 be a potential direction for future studies.
303
Myocd is an essential factor for embryonic cardiac gene expression and postnatal 304 myocardial function (Creemers et al., 2006 ) (Huang et al., 2012 Huang et al., 2009 ).
305
Loss of Myocd in cardiac precursors results in a phenotype very similar to that of 306 Baf60c-null embryos, with death around E13.5, thinned myocardium, ventricular septal remodelling complex. The EMBO journal 31, 301-316. 
